Introduction
Most studies on pain and analgesia use reflex-based procedures (eg, tail flick, licking, and guarding) induced by aversive stimulation through the application of particular mechanical, thermal, electrical, and chemical stimuli to identify analgesics. This approach has been evaluated critically because it overfocuses on reflex behaviors and consequently neglects the key affective component of pain phenomena. [1] [2] [3] [4] Consequently, the development of relevant new dependent variables to increase the validity of animal models of pain is increasingly pursued. [4] [5] [6] [7] [8] Among them, the evaluation of innate behaviors suppressed -instead of enhanced -by pain has been highlighted.
with analgesic properties will be associated with increased behavior rates, and, as a result, analgesic effects would be readily dissociable from motor impairment. In addition, the study of pain-suppressed behaviors should allow outlining the role of behavioral depression, which is normally associated with pain syndromes 13, 14 and with others aspects related to the mechanisms and determinants of the affective component of pain. 15 From this perspective, any behavior spontaneously performed by an animal can be selected as target behavior to evaluate whether pain is or is not able to depress it. However, hedonically oriented behaviors, which are behaviors that have the ability to ensure a positive emotional state experienced as pleasure, 16, 17 are expected to be rapidly expressed and maintained by the animals at relatively high rates, which would help reduce methodological problems such as using food or water deprivation during the behavioral tasks. Furthermore, decreases in rate, frequency, duration, or intensity of highly preferred behaviors ("hedonic behaviors") caused by pain (or other insults) can be suggestive of a deterioration of the animal global welfare and/or quality of life, which makes hedonically oriented behaviors interesting in the testing of beneficial effects of analgesics -which should restore the normal hedonic behavior of the animals.
In this study, two positively motivated behaviors, such as the natural rodent preference for sweet taste and rodent locomotor activity (LMA) in a novel environment, were selected as the main dependent variables to measure the presence of pain or analgesia. Preference for sweet taste maintains a high rate in mice and requires an intact cognitive function as well as appetitive motivation. 18 A precise measurement of sweet taste preference is easy to conduct and can be determined in home cages without animal handling. This behavior has been shown to be sensitive to different pharmacological and environmental manipulations. It has been used to model anhedonia -the lack of interest or pleasure in response to hedonic stimuli or experiences -in the chronic mild stress animal model of depression. 19, 20 LMA measures spontaneous, instinctive behaviors of rodents that are largely motivated by the exploration of a novel environment for means of escape. Decrease in locomotion as a consequence of pain has been consistently reported in both humans and rodents, 6, 11, [21] [22] [23] and psychomotor retardation -which includes motor impairment affecting gross locomotor skills -is also a central feature of depression. 24, 25 The classical preclinical pain test of acetic acid (AA)-induced abdominal constriction to induce pain was used. In this test, AA injection causes inflammation of the abdominal cavity wall and evokes sustained writhing behavior and reduced motor activity. The occurrence of this writhing behavior (abdominal cramps or stretching) per unit of time is commonly evaluated. These behaviors are considered to be reflexes and to be evidence of visceral pain, 26 but the frequency of writhing decreases spontaneously with time.
The goal of the present study was to compare the analgesic sensitivity of two pain-suppressed behaviors with the AA-induced standard reflexive outcome (writhing behavior). For that purpose, the time course of AA-induced behavior (writhing) and AA-depressed behavior (saccharin preference and LMA) was first studied. Secondly, the restorative effects on both LMA and saccharin preference behavior of a dose of ibuprofen (Ibu) devoid of efficacy on AA-induced writhing were evaluated. This was performed by administering the drug before (development protocol) and after (expression protocol) the induction of pain by AA. Finally, the effects of caffeine-induced behavioral activation to assess the specificity of the different tests were evaluated.
Methods animals
Female CD1 mice weighing 25-30 g were used in all experiments (Charles River, L'Arbresle, France). The study protocol was approved by the local Committee of Animal Use and Care of our institution (ESTEVE) and was in accordance with the guidelines for the Care and Use of Laboratory Animals of the European Community (European Directive 2010/63/EU) and with the International Association for the Study of Pain guidelines on ethical standards for investigation in animals. 27 Light/dark cycle (reverted 12/12 hours, lights on at 6 pm), temperature (22°C), and humidity (40%) were controlled. Animals had free access to food and water and were used after 14 days of acclimatization to housing conditions. All experiments were performed between 9 am and 6 pm.
Drugs
The drugs investigated were Ibu (40-320 mg/kg), supplied by Laboratorios Esteve (Barcelona, Spain), and caffeine (5-20 mg/kg), purchased from Sigma Chemical Co (Barcelona, Spain). Approximately 0.5% hydroxypropyl methylcellulose (HPMC) (Sigma Chemical Co) dissolved in saline was used as vehicle. The drugs (or the vehicle in the control group) were administered intraperitoneally (IP) at a volume of 10 mL/kg. The time of administration was chosen in order to evaluate the putative preventive or restorative effect of Ibu on target behaviors. To evaluate the preventive effect, the drug was administered 30 minutes 
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changes in saccharin preference behavior to evaluate pain and analgesia before AA challenge ("development protocol"). To evaluate a purely restorative effect, the drug was administered 120 or 150 minutes after AA challenge for saccharin preference and LMA, respectively ("expression protocol").
assay of acetic acid-induced writhing
For the time course study, mice were injected 10 mL/kg of AA (0.6%) or vehicle (distilled water) by IP route. Each mouse was then placed in an individual, clear plastic observation chamber and the total number of writhes was counted for 1 hour after administration.
Based on the results of this protocol, the interval ranging between 5 and 15 minutes after AA injection was selected to evaluate the effects of Ibu and caffeine on the number of writhes. Separate groups of mice were administered vehicle (HPMC 0.5%), Ibu, or caffeine, IP, 30 minutes before 0.6% AA injection.
For scoring purposes, a "writhe" was defined as a contraction of the abdominal muscles accompanied by body elongation and hind limb extension. Data are expressed as the mean number of writhes over the 10-minute observation period.
saccharin preference test
Mice were habituated to saccharin (0.1%, Sigma Aldrich Co, St Louis, MO, USA) consumption by means of saccharin solution diluted in tap water as sole drinking fluid for 48 hours. After habituation, the baseline saccharin preference was measured for 6 hours 1 day before the test. During the saccharin preference test, fluid consumption was measured for 24 hours with a two-bottle protocol, whereby mice were exposed to a bottle each of tap water and 0.1% saccharin solution. Water and saccharin solution intake was estimated simultaneously in control and experimental groups by weighing the bottles at 2, 4, 6, 8, and 24 hours. The animals were not previously deprived of water and food, but had no access to food during the first 6-hour preference tests. For each mouse on each day, the ratio of solution preference was calculated according to the formula below: Time post-AA (h) Figure 2 Time-related effect after aa injection on aa-depressed exploratory behavior. Notes: separate groups of animals were injected with aa 0.6% (black squares) or its vehicle (white squares) at 0, 1, 2, 3, and 4 hours before each lMa evaluation. each group of mice was exposed to the chamber only once on the indicated post-aa time. Motion time (seconds) was measured between 0 and 60 minutes, every 5 minutes. note that lMa depression in mice injected with aa 0.6% remained for at least 4 hours as compared to vehicle-treated mice. Data are mean ± seM. Abbreviations: aa, acetic acid; lMa, locomotor activity; seM, standard error of mean; h, hours; s, seconds. AAinduced deficit in the expression of this hedonic behavior was observed for at least 6 hours, and normal preference behavior was restored 24 hours after AA administration ( Figure 1 , right axis). Post hoc testing showed significantly reduced saccharin preference rates in AA-induced pain in mice at 2, 4, and 6 hours (P,0.01, P,0.001, and P,0.05, respectively), but not at 24 hours.
acetic acid-induced decrease of lMa LMA as a function of pretreatment interval at the same concentration of AA tested in the saccharin preference experiment is shown in Figure 2 . Control mice showed peak activity during the first 5 minutes. After that, mice became habituated to the environment and their locomotion behavior progressively declined. effects of ibuprofen and caffeine on acetic acid-induced writhing and 320, but not 40 or 80 mg/kg, significantly inhibited AAinduced writhing behavior (P,0.01, Figure 3A ). Caffeine administration, however, failed to significantly inhibit AAinduced writhing in mice at the doses of 5, 10, and 20 mg/kg IP ( Figure 3B , NS).
effects of ibuprofen on aa-induced deficit in saccharin preference behavior
Next, we aimed at determining whether an analgesic was able to revert AA-induced deficit in the saccharin preference behavior of mice in two different administration protocols, the "development" and the "expression" protocols.
In the development protocol, 40 mg/kg of Ibu -a dose that failed to produce any analgesic effect evaluated by AAinduced writhing -or vehicle were administered 30 minutes before AA challenge. Mice receiving vehicle (vehicle + AA group) before AA injection showed a significantly depressed saccharin preference behavior as compared to control mice (vehicle + vehicle group). One-way ANOVA followed by Bonferroni's post hoc test of the AUC (from 0 to 24 hours) globally suggested total restoration of saccharin preference behavior in AA-treated mice ( Figure 4B ; P,0.01).
We took advantage of the long-term duration of the AAinduced decrease in saccharin preference to evaluate whether Ibu was able to revert the deficit once established ("expression protocol"). Thus, Ibu or vehicle was administered 2 hours after AA or vehicle challenge (arrow in Figure 4C ). AA-injected mice treated with vehicle (vehicle + AA group) showed a significant decrease in saccharin preference behavior as compared to those injected with vehicle (vehicle + vehicle group). Two-way repeated measures ANOVA (time × pain) showed a significant effect of time effects of ibuprofen on the AA-induced deficit in LMA
We next aimed to determinate whether Ibu was able to revert the AA-induced deficit in the exploratory behavior of mice, also using the two administration protocols ("development" and "expression" protocols).
In order to prevent deficit, Ibu was again administered at 40 mg/kg (inactive dose evaluated by writhing behaviors) 30 minutes before AA challenge ("development protocol"). Figure 5B), one-way ANOVA followed by Bonferroni's post hoc test of the AUC showed no statistically significant differences.
The effects of Ibu 2 hours after AA challenge ("expression protocol") are shown in Figure 5C . Vehicle-treated mice after AA injection (vehicle + AA group) showed a significant decrease in exploratory behavior as compared to control mice (vehicle + vehicle group). Repeated measures two-way ANOVA (time × pain) showed a significant effect of time [F(11,198 Figure 5D , P,0.01).
effects of caffeine on the aa-induced depression in saccharin preference and lMa behavior
In order to study the specificity of the endpoints, we tested the effects of caffeine, a nonanalgesic stimulant producing behavioral increases, on AA-induced depression in both LMA and saccharin preference behaviors using the development protocol. The effects on LMA are shown 
Discussion
Efforts have recently been made to investigate pain and analgesia using novel paradigms that do not rely 4 Decreases in burrowing, 28 nesting, 29 feeding, 10 intracranial selfstimulation, 30 wheel running, 31, 32 and food-maintained operant responding 7 to evaluate the presence of pain and analgesia have also been reported. Also, decreased LMA as a consequence of pain has been consistently reported in both humans and rodents. 6, 11, [21] [22] [23] The present study provides evidence that the hedonic behavior of sweet taste preference using saccharin in mice was strongly depressed by AA and that it can be used to detect the analgesic effects of drugs. The characteristic pain writhing behavior induced by AA, which lasted less than 1 hour, was followed by a substantially longer "behavioral depression" manifested by a strongly decreased expression of both saccharin preference and LMA for at least 4 hours. Pain-suppressed behaviors long after AA-induced writhing behavior is consistent with the results of a previous study showing a similarly decreased LMA for 5 hours after treatment with 0.56% AA in male ICR mice. 11 However, to our knowledge, this is the first time that such a sustained depression (for at least 6 hours) of sweet taste preference after AA administration is described. Previously, the time of feeding suppression using a Liquid Ensure™ protein drink was determined 1 hour after 0.56% AA administration. 10 In the present study, a visceral noxious stimulus was selected to induce pain. Visceral pain presents with important differences as compared to cutaneous somatic pain. Somatic and visceral pain are mediated, at least in part, through different neural pathways at spinal and supraspinal sites, and evoke different emotional responses. [33] [34] [35] [36] [37] [38] Cutaneous somatic pain is escapable, can be controlled, and characteristically evokes active emotional coping responses such as agitation, hyperactivity, fight-flight, and hypertension. In contrast, visceral pain is inescapable, cannot be controlled by the subjects themselves, and usually evokes passive coping or "conservation-withdrawal" strategies, characterized by "disengagement from" the environment, ie, behavioral quiescence and immobility, decreased reactivity to the environment, hypotension, and bradycardia. 36, 38 The behavioral inhibition observed after the visceral noxious stimulation in our study is consistent with this view. Recent data from our laboratory -where formalin administration to the paw, a somatic pain model, was unable to alter saccharin preference behavior in mice -further support this view (unpublished data).
Ibu started to produce significant effect in the attenuation of the number of writhes at the dose of 160 mg/kg, but the pharmacological effect of 40 mg/kg of Ibu in the 
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changes in saccharin preference behavior to evaluate pain and analgesia saccharin preference paradigm was already consistent with analgesia, considering the whole 0-24 hours measurement period. This dose, however, was ineffective to prevent AAdepressed saccharin preference in the first 2 hours of the saccharin preference test (development protocol). A logical explanation for this is that the saccharin preference behavior reductions observed during the first 2 hours may be caused by AA-induced writhing behavior, and are not inhibited by Ibu at 40 mg/kg. These two behaviors (writhing and saccharin preference) seem incompatible because mice cannot drink and writhe at the same time. Interestingly, Ibu clearly prevented sweet preference behavior deficit after 2 hours. The fact that 40 mg/kg of Ibu -ineffective to block pain-induced writhing -was actually effective on the paindepressed behaviors of saccharin preference raises the possibility that the analgesic effects of drugs can be better observed with a pain-depressed endpoint than with a painstimulated endpoint. This conclusion agrees with those of several previous studies showing that some analgesics such as Ibu, morphine, pregabalin, or acetaminophen attenuate the affective component of pain more potently than its sensory component. 8, [39] [40] [41] In the present study, where decreased saccharin preference behavior reflects the affective component and increased writhing behavior reflects the sensory component of AA-induced pain, Ibu was better against the affective component than against the sensory component of pain. Furthermore, this could be indicating that a drug can have analgesic properties without inhibiting the writhing behavior. This may be of particular importance in a drug discovery context because possible analgesics may be currently being discarded based on a lack of efficacy on sensory-based pain screening experimental models.
The "expression protocol" allowed us to test the effect of the drug using a within-subject design in animals where the AA-induced deficit had already been established and once the AA-induced writhing behavior had disappeared. Before Ibu administration, AA-treated mice showed the expected depression in saccharin preference shown by the decrease observed during the first 2 hours as compared to control animals. When these animals were treated with Ibu, the preference for saccharin returned to that of vehicle-treated animals. This approach allowed avoiding the potential effect of AA-stimulated behaviors likely to compete with the target depressed behavior, as we have previously hypothesized to explain the lack of effect in the development protocol of the saccharin intake in the first 2 hours, ie, when writhing is occurring at a relatively high rate, mice cannot perform the intake of liquid.
In the present study, Ibu administration 30 minutes before AA (development protocol) was able to only partially prevent AA-induced decrease in LMA. The results obtained during the entire hour period suggest that the dose of 40 mg/kg was not sufficient to completely restore pain-depressed LMA behavior. The partial efficacy of Ibu on AA-induced deficit in LMA is consistent with the lack of efficacy observed in the AA-induced writhing test and during the first 2 hours of the saccharin preference test.
The administration of Ibu after AA (expression protocol) restored LMA, with the activity of AA-injected animals returning to that of vehicle-injected animals. In this protocol, mice received Ibu or its vehicle 150 minutes after AA injection (30 minutes before the behavioral test). Animals pretreated with Ibu -but not animals treated with the vehicleshowed LMA restoration, which is consistent with the results observed in the expression protocol of the saccharin test.
Finally, caffeine was used as a nonanalgesic stimulant to evaluate the specificity in relation with pain of the two target behaviors. Caffeine prevented LMA decrease in AAinjected mice, but also induced a strong LMA increase in vehicle-injected animals. In contrast, caffeine was unable to change the depressed saccharin preference behavior in AA-treated mice. Therefore, despite the fact that caffeine induced LMA normalization in AA-injected mice to the level of control animals, the deficit in saccharin preference behavior was not sensitive to this behavioral arousal induced by caffeine. In a previous study, Stevenson et al 11 did not find such effect of caffeine on AA-depressed LMA. The reasons for this discrepancy are not clear. Similar to this study, Stevenson et al 11 found that caffeine significantly increased LMA in nondepressed mice. However, they only found a nonsignificant tendency of caffeine to revert aciddepressed LMA. Discrepancy may be sex related because we used female mice and the Stevenson et al 11 study used male mice. However, no sex-related differences in caffeine-induced LMA increase have been found. 42 Discrepancy might also arise from the different light/dark cycles in which the two behavioral experiments were performed. In order to favor the higher levels of LMA associated with the dark (active) phase of the animal's activity cycle, our experiments were conducted under dark conditions, while the Stevenson et al's 11 study was conducted under light conditions. While the effects of caffeine on LMA did not seem to be altered by ambient lighting, 43, 44 circadian fluctuations in visceral sensory functions have been reported. 45 Finally, despite standardization, systematic differences in behavior across laboratories have been well documented.
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In summary, saccharin preference and LMA behaviors were altered by a visceral noxious stimulus. AA-treated mice showed signs of depression-like behaviors after writhing resolution, as evidenced by reduced saccharin preference and locomotion for at least 6 and 4 hours, respectively. The decrease observed after AA administration in sweet taste preference was probably due to ongoing pain because it was specifically reverted by an analgesic drug such as Ibu but not by the stimulant drug caffeine. The decrease observed in novelty induced locomotion after AA injection was probably also due to ongoing pain because it was reverted by Ibu. However, the AA-depressed LMA was also reverted by the stimulant caffeine, thus suggesting that this behavioral endpoint is not robust enough to evaluate analgesic drugs and should be complemented with another pain-depressed behavior endpoint. The affective and sensory components of pain were selectively affected by Ibu because the same dose of Ibu was ineffective to block writhing behavior but effective to improve pain-depressed behaviors (saccharin preference).
Consequently, hedonic behaviors are more sensitive, and translational readouts to evaluate analgesics and changes in the expression of hedonic behavior -such as sweet taste preference described in this study -can be used as a primary outcome measure to evaluate pain in mice and may complement the more traditional procedures used to assess candidate analgesics.
